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Introduction

Motivations

Effective approach :
Describes a large class of models

The new interaction is strong (Composite models)
Only new interactions allowed by the SM symmetries

Top-philic : top mass
Large coupling with the EWSB sector
s & m2

t ⇒
s
Λ2 � 0 if Λ & 1 TeV
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Opposite sign top pair production The effective Lagrangian

The effective Lagrangian

Construction of the Lagrangian:

1 First order in the 1
Λ ⇒ dimension six operators.

2 Interference with the SM (QCD process)

|M|2 = |MSM |2 + 2< (MSMM∗
dim6) +O

(
Λ−4

)
⇒ new operators contain gluon, light quarks and top quarks.

3 Top-philic ⇒ each operator contains at least one top quark.
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Opposite sign top pair production The effective Lagrangian

The effective Lagrangian

Lt t̄ = LSM
tt̄ +

1
Λ2

( (
chgOhg + h.c.

)
+

(
cR vOR v + cR aOR a + c′RrO′Rr + R ↔ L

)
+ c(8,3)

Qq O(8,3)
Qq

)

Ohg =
h`

HQ̄
´
σµνT At

i
GA

µν

OR v =
h̄
tγµT At

i X
q

h
q̄γµT Aq

i
OR a =

h̄
tγµT At

i X
q

h
q̄γµγ5T Aq

i

O′
R r =

h̄
tγµT At

i h
ūγµT Au − d̄γµT Ad

i

O(8,3)
Qq =

h
Q̄γµT AσIQ

ih
q̄LγµT AσIqL

i
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ūγµT Au − d̄γµT Ad

i

O(8,3)
Qq =

h
Q̄γµT AσIQ

ih
q̄LγµT AσIqL

i
C. Degrande (UCL-CP3) 13 April 2011, Portoroz 9 / 22



cp3

Opposite sign top pair production The effective Lagrangian

The effective Lagrangian

Lt t̄ = LSM
tt̄ +

1
Λ2

( (
chgOhg + h.c.

)
+ (cR vOR v + cR aOR a + c′RrO′

Rr + R ↔ L) + c(8,3)
Qq O(8,3)

Qq

)

Ohg =
h`

HQ̄
´
σµνT At

i
GA

µν

OR v =
h̄
tγµT At

i X
q

h
q̄γµT Aq

i
OR a =

h̄
tγµT At

i X
q

h
q̄γµγ5T Aq

i

O′
R r =

h̄
tγµT At

i h
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Opposite sign top pair production Total cross-section and invariant mass distribution

Total cross-section
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chg´ H1TeV �LL2

c V
v´
H1

T
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�
L
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cVv = cRv + cLv

σ14TeV
obs = σNLO ± 10%

σ1.96 TeV
obs = 7.5±

0.31(stat)±0.34(syst)±
0.15(lumi) pb

σ7 TeV
obs = 158± 10(stat)± 15(syst)± 6(lumi) pb
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Opposite sign top pair production Total cross-section and invariant mass distribution

Invariant mass distribution (at the Tevatron)
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Opposite sign top pair production Total cross-section and invariant mass distribution

Invariant mass constraints
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Opposite sign top pair production Total cross-section and invariant mass distribution

Cross section and invariant mass constraints
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Opposite sign top pair production Forward-backward asymmetry

Forward-backward asymmetry

The forward-backward asymmetry measured at the Tevatron,

Aobs (Mtt ≥ 450 GeV) = 0.475± 0.114

is about 3σ away from the SM value,

ASM (Mtt ≥ 450 GeV) = 0.088± 0.013.

From the effective Lagrangian, we obtain

δA (Mtt ≥ 450 GeV) = 0.087+10
−9 cAa

(
1 TeV

Λ

)2

where cAa = cRa − cLa
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Opposite sign top pair production Forward-backward asymmetry

With the invariant mass cut
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Opposite sign top pair production Spin correlations

Spin correlations at the LHC

1
σ

dσ

d cos θ+d cos θ−
=

1
4

(1 + C cos θ+ cos θ− + b+ cos θ+ + b− cos θ−)

In the helicity basis,

C =
1
σ

(σRL + σLR − σRR − σLL) ,

b+ =
1
σ

(σRL − σLR + σRR − σLL) ,

b− =
1
σ

(σRL − σLR − σRR + σLL) .
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Opposite sign top pair production Spin correlations

Spin correlation at the LHC

cAv = cRv − cLv

-2 -1 0 1 2
-2

-1

0

1

2

chg´ H1TeV �LL2

c V
v´
H1

T
eV
�
L
L2

∆C at the LHC

-0.05

0

0.05

0.1
0.15

0.2
0.25

-2 -1 0 1 2
-2

-1

0

1

2

chg´ H1TeV �LL2

c A
v´
H1

T
eV
�
L
L2

b at the LHC

-0.025

0

0.025

0.05

C. Degrande (UCL-CP3) 13 April 2011, Portoroz 20 / 22



cp3

Remark and conclusion

Remark

Since uu is more
likely than uū at
the LHC, tt is
more sensitive to
four-fermion
operators
(arXiv:1104.1798).

2 4 6 8 10 12 14
1

5

10

50

100

500

1000

LHTeVL

Σ
H

m
tt
<
L
�3
LH

fb
L

OR -OL
H1L
-OL

H3L

ORL
H1L

ORL
H8L

Int. ORL
H1L ORL

H8L

7 TeV

C. Degrande (UCL-CP3) 13 April 2011, Portoroz 21 / 22



cp3

Remark and conclusion

Conclusion

Effective theory is a model
independent approach for new
physics (available for exp.)
chg , cVv are already be constrained
by Tevatron and LHC cross-section
and invariant mass distribution
(Complementarity)
AFB can be explained if cAa ∼ 1 and
Λ ∼ 1 TeV
Spin correlation can be used to
distinguish left and right handed top
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